There is a hypothesis that Mass drug administration (MDA) of ivermectin and albendazole for the treatment of onchocerciasis and lymphatic filariasis could have an impact on the burden of soil-transmitted helminthiasis (STH) in MDA communities. We, therefore, assessed the burden of STH (Ascaris lumbricoides, Trichuris trichiura, and hookworm) infections in nine communities from 3 LGAs (two MDA local government areas (LGAs) and one control LGA) in Kebbi State, Nigeria after 5-years (2010)(2011)(2012)(2013)(2014)(2015) of MDA for onchocerciasis and/or lymphatic filariasis. We also administered questionnaire to obtain demographic information and history of MDA in the past five years. The three LGAs are Bagudo (Ivermectin MDA); Zuru (Ivermectin/ Albendazole MDA) and Dandi (No MDA). The study was a cross sectional survey. The total number of people that complied with provision of stool samples and questionnaire were 1357 persons; stool samples collected were examined for STH infections in the three LGAs. Zuru LGA had the highest prevalence of STH (41.89, 95% CI: 37.08-46.81) followed by Dandi LGA (24.66,) and Bagudo LGA (3.36, 95% CI: 1.97-5.32). Prevalence of STH infection was not significantly different among age group and sex. Geometric mean intensity per gram of infection for both A. lumbricoides and Hookworm were highest in Zuru LGA with (1.16 GMI, 95% CI: 0.97-1.36) and (1.49 GMI, 95% CI: 1.29-1.70) respectively. Treatment coverage was less than 65% from 2010 to 2013 in the intervention LGAs. The study shows that STH is still a public health problem in Zuru LGA (IVM + ALB) and requires MDA of albendazole for STH control to continue, while Dandi LGA (No MDA history) requires MDA with albendazole to scale up treatment for STH control.
Introduction
The soil transmitted helminthiasis (STH), caused by Ascaris lumbricoides, Trichuris trichiura and hookworms (Necator americanus, and Ancyclostoma duodenale), are endemic in Nigeria (Hotez and Kamath, 2009; Hotez et al., 2012; Oluwole et al., 2015) . These infections are common where there are poor hygiene practices, including limited environmental sanitation, unsafe water sources, inadequate toilet facilities, and poor faecal disposal methods, coupled with poverty and low household income (Ekpo et al., 2008; Strunz et al., 2014) . The recent global commitment to control or eliminate NTDs by 2020 (Bergquist et al., 2015) has necessitated the mobilization of resources and funding for NTDs such as the Preventive Chemotherapy and Transmission control (PCT) NTDs in all endemic countries including Nigeria (Seddoh et al., 2013; Lenk et al., 2016) . In Nigeria, these include Onchocerciasis, Lymphatic Filariasis (LF), Schistosomiasis, STH, and Trachoma (FMOH, 2012) . Implementation of Mass drug administration for the control of onchocerciasis and lymphatic filariasis (LF) has been on going in the country since 2000. However, nationwide implementation of control activities for STH has been limited. MDA for soil transmitted helminths has not commenced in all endemic communities in Nigeria. In a bit to scale up MDA for soil transmitted helminths in all endemic countries, a programmatic question was asked; "is there a need to establish MDA for STH in communities where MDA for onchocerciasis or Lymphatic filariasis(LF) is currently ongoing?" This question was since ivermectin, a drug given for the control of onchocerciasis has been shown to be effective against STH parasites (Moncayo et al., 2008) and albendazole which is provided in combination with ivermectin for the control of LF is a World Health Organization recommended drug for the control of STH (WHO, 2016) . Therefore, expectation is that communities, where MDA for onchocerciasis or LF is ongoing, should enjoy a reduction in morbidity effect resulting from STH burden (Tchuem Tchuenté, 2011) . The impact of several years MDA of ivermectin and albendazole for the control of LF on the dynamics and decrease of STH infections has been reported in several countries (De Rochars et al., 2004; Ndyomugyenyi et al., 2008; Montresor et al., 2008; Stothard et al., 2009 ) and in Eastern Nigeria (Gutman et al., 2010) . However, conducting assessments in the likelihood of scaling up STH control is not available in Nigeria. To this end, we have conducted a preliminary assessment of the burden of STH in three purposefully selected LGAs in Kebbi state, Northern Nigeria where MDA for onchocerciasis or LF has been ongoing for at least 5 consecutive years in two of the LGAs and while MDA for STH is about to commence in the third LGA.
Methodology

Study area
Kebbi State is in North-Western Nigeria (Fig. 1) . It is endemic for both onchocerciasis and LF with a prevalence range of 1-30% and 2-58% respectively (FMoH, 2012) . There are twenty-two LGAs in the State; nine of them are endemic for both onchocerciasis and LF, while eleven are endemic for LF only. Mass Drug Administration (MDA) of Ivermectin for the control of onchocerciasis in Kebbi State started in 1997. In 2010, Ivermectin and Albendazole were administered for the treatment of LF in 7
LGAs where it coexists with onchocerciasis. Therefore, MDA for both diseases has been ongoing for 5 years where the two diseases co-exist in Kebbi (Fig. 1) . Treatment data shows that many communities had received up to ten rounds of treatment with Ivermectin only and up to five rounds of treatment with Ivermectin + Albendazole. Bagudo, Dandi, and Zuru LGAs where selected for the study.
Study design and population
The study was a retrospective randomized controlled trial coupled with a cross-sectional survey. The LGAs in Kebbi state were grouped into three based on their history and type of MDA. One LGA was randomly selected from each MDA group. We randomly selected three communities from each LGA as shown below in Table 1 .
All community members with residency of 2 years and above who are willing to participate and able to provide a stool sample were included in the study. Children less than two years' old, sick individuals, pregnant, nursing mothers within seven days of delivery and individuals whose residency in the communities were less than two years were excluded from the study.
Sampling size determination
The sample size was calculated using estimated LGA population of 5000, with an expected prevalence of STH to be 20% (FMOH, 2015) , the desired precision of ±5% and a design effect for 1 for random sampling. Thus, a sample size of 370 persons was computed and adjusted to 400. The sample size was determined using the method of Yamane (1967) as follows n = N/1 + Ne 2 N: total population n: require a sample size e: the error at 95% CI However, to cater for non-compliance, we set our sample size at 500 samples per LGA.
Community mobilization and ethical issues
Before the activity, we visited the LGAs and communities that were selected for the study to mobilize the community leaders and community members about the activity. Ethical clearance for the study was obtained from the Kebbi State Ministry of Health with an approval reference number KSHREC 101.1/2013. Verbal informed consent was also obtained from participants who volunteered to take part in the study after explaining the aim and objectives of the study to them in Hausa language. Participation was voluntary. After the study, we treated all participants and members of the communities selected for the study with Mectizan® (Merck Sharp & Dohme (MSD)) and Albendazole (GlaxoSmithKline (GSK)). Both drugs were donated to the National Onchocerciasis and Lymphatic filariasis programme of the Federal Ministry of Health (FMOH) Nigeria. The drugs were administered through mass drug administration to communities using the community directed Intervention (CDI) as recommended by the FMOH, Nigeria.
Data collection
Due to the Hausa culture popularly known as "bar shiga" (meaning; A man is not permitted to enter the house), a house to house data collection was not feasible because 70% of the research team members were men. Hence, data collection was centralized at either a school or the village head's house. Each participant that consented to participate in the study was administered a questionnaire to collect information on their demography including sex, age and history of individual MDA and deworming drugs treatment in the last five years (2010) (2011) (2012) (2013) (2014) . We assessed the treatment coverage using the formula as follows A=B Â 100 where A = number of participants that claimed to have received treatment in that years. B = number of participants that enrolled for the study. Each participant was given a clean sheet of paper and one universal sample bottle with an identification number and an inbuilt spoon for collection of fresh, uncontaminated faecal sample. One faecal sample was obtained from each participant and 10 ml of Sodium acetate-Acetic acid-Formalin solution (SAF) was poured into each faecal sample immediately they were submitted by the participants to arrest further biological activity of the parasite. The samples were then taken to a nearby laboratory for processing and microscopic examination. Due to the drawback of Kato Katz for stool examination in areas with low intensity of infection (Glinz et al., 2010) . Approximately 1 g each of faecal samples were processed using SAF-Ether concentration methods and examined for detection and estimation of helminth ova. All faecal samples were processed within 48 hours of collection. We used the World Health Organization standard diagnostic bench-aid for STH species identification.
Data entry and analysis
We used EpiData programme (Christiansen and Lauritsen, 2010) for data entering. Only complete data (questionnaire + faecal samples) were included in the analysis. Analysis done includes descriptive and chi-square statistics. Since egg count data were not normally distributed and skewed towards low egg counts, we use logarithmic transformation and geometric means for faecal egg density per gram. We compared the geometric means of egg count across the three LGAs using non-parametric Kruskal Wallis test and employed, Mann Whitney U test to compare geometric means of egg count between sex and the two age groups. We run all analysis in STATA version 12 (Stata Corp LP, USA).
Results
Study adherence
Participants that enrolled and took part in the study were 1467, but only 1357 of them provided stool sample and completed the study questionnaire. A total of 506 (37.29%) were from Bagudo (IVM only), 413 (30.43%) were from Zuru LGA (IVM + ALB) and 438 (32.28) were from Dandi LGA (no history of MDA) (Fig. 2) . 
Treatment history on mass drug administration programmes
Treatment pattern varied at the three LGA with percentage number of people treated ranging from 13.01% in Dandi LGA to 93.08% in Bagudo LGA (Table 2) . Although in Dandi LGA (without a history of MDA), 13.10% of the participants who received treatment got it from another local government in 2015. Treatment history in three LGAs in the last five years (2010) (2011) (2012) (2013) (2014) reveal that from year 2010 till 2012 treatment coverage in the two MDA LGAs were below 50% but increases tremendously from 2013 to 2014 (Table 2) .
Prevalence and intensity of STH infections
Prevalence of STH was highest (41.89, 95% CI: 37.08-46.81) in Zuru LGA followed by Dandi LGA which had a prevalence of (24.66, 95% CI: 20.69-28.97) while Bagudo LGA had the least prevalence of 3.36% for STH (Table 3 ). The most common STH parasite infection in the study population as shown in Table 2 is Hookworm (13.63, 95% CI: 11.85-15.57) while the least common one is T. trichuira (0.29, 95% CI: 0.08-0.75) (Table 3) In relation to specific STH parasite, we observed that Zuru had the highest prevalence of A. lumbricoides (15.25, 95% CI: 11.92-19.09) and Hookworm (29.06, 95% CI: 24.1-33.69) while Bagudo LGA (IVM only) had the least prevalence of A. lumbricoides (1.19, 95% CI 0.4-2.56) and hookworm (2.17, 95% CI: 1.09-3.86) ( Table 3) . Dandi LGA had Ascaris infection prevalence of (15.07, 95% CI: 11.85-18.77) and hookworm prevalence of (12.33, 95% CI: 9.39-15.78).
Geometric mean intensity (GMI) of infection per gram was highest for both A. lumbricoides infection (1.16 GMI, 95% CI: 0.97-1.36) and hookworm infection (1.49 GMI, 95% CI: 1.29-1.70) in Zuru LGA followed by Dandi LGA (i.e. (1.06 GMI 95% CI: 0.90-1.22) and (0.68 GMI, 95% CI: 0.50-0.85) for A. lumbricoides and hookworm infection respectively (Table 4) . Bagudo had the least geometric mean intensity of infection for both A. lumbricoides (0.18 GMI, 95%: CI −0.18-0.55) and hookworm (0.13 GMI, 95% CI: 0.04-0.29) Infection with T. trichuira was extremely low with only 4 persons having infection. Low prevalence were observed in all the LGAs with a prevalence of (0.20, 95% CI: 0.05-1.09), (0.24, 95% CI: 0.01-1.34) and (0.46, 95% CI: 0.06-1.64) from Bagudo, Zuru and Dandi LGAs respectively. The intensity of infection per gram was highest in Zuru where the only infected person had ten ova in the faecal sample as compared to one ovum found in those infected in Dandi and Bagudo LGA (Table 4) .
Overall prevalence of STH in the study population was higher among school age children (23.36, ) with no statistical difference from adult (20.45, ). However, within the LGAs, prevalence of STH was higher among adult with no statistical difference from that of the school age children in Dandi and Zuru LGAs (Table 3) Prevalence of A. lumbricoides was generally higher among adult (10.23, 95% Cl: 8.032-12.81) with no statistical different from the school age (9.69, 95% Cl: 7.60-12.12). This same pattern was observed in Bagudo and Zuru LGA. On the contrary prevalence of A. lumbricoides was higher among the school age children (17.14, 95:Cl 12.30-22.93) but is not statistically different from of adult (13.16, 95% Cl: 9.06-18.25) in Dandi LGA (Table 3) . Overall prevalence of hookworm infection in the study population was higher among school age children (15.53, 95% Cl: 12.93-18.42) than in adult (11.60, 95% Cl: 9.25-14.31) but was not statistically significant. This pattern of prevalence exists within age group in each LGAs (Table 3) .
Similarly, there was no statistical difference in the geometric mean intensity of infection with A. lumbricoides within the age group. This was so for the three parasites in the three LGAs (Table 4) .
In relation to sex, we observed no statistical difference in the overall prevalence of STH and specific STH parasites (A. lumbricoides and Hookworm infections) within sex in the three LGAs, although it was observed that prevalence was more in males than in females for each of the STH parasites and in the three LGAs (Table 3 ). This same profile was observed in infection intensity for the three parasites in all the three LGAs (Table 4) .
Discussion
Operational research to evaluate impact of MDA on NTDs morbidity and prevalence is necessary to monitor progress of control programme and identify challenges to the control of the targeted diseases. This is particularly important with the global focus geared towards elimination or eradication of NTDs in endemic communities (Bergquist et al., 2015) . The data obtained on the participants' treatment history shows a continuous increase in the number of persons treated yearly in the MDA LGAs. This is a good result as it shows progress in the control/elimination against the NTDs. A high therapeutic coverage in endemic communities is needed if control and reduction in transmission is to be achieved (Winnen et al., 2002; Bockarie et al., 2013) . A commendable increase was observed in the number of persons that received treatment in the two MDA LGAs from year 2012 to 2014. We attributed increase in the number of persons receiving treatment in Zuru LGA to the scale up in the treatment for LF. Before 2012, only selected communities in the LGA were receiving ivermectin treatment for Onchocerciasis but with the introduction of treatment for LF, all communities in the LGA started receiving treatment. This must have led to the high number of persons that received treatment in 2013 and 2014 in Zuru LGA.
Our study has provided information on the status of STH infection in three
LGAs studied. Our finding shows that STH is still a major public health problem in Zuru LGA despite ongoing MDA (IVM + MDA) in the area while prevalence of STH in Bagudo LGA is lower than WHO threshold requiring MDA for control. Information on the prevalence of STH in Dandi will serve as a baseline data for future reference since MDA is yet to commence in this LGA before now.
The high prevalence of STH in Zuru LGA despite five years of administration of combine ivermectin and albendazole may be because of continuous re-infection after each MDA treatment rounds. As at the time of the study, the last treatment occurred about 10 months earlier. This time is long enough to allow for re-infection in the communities were exposure to the risk factors such as lack of access to portable water, sanitation facilities and poor hygiene practices are on daily bases. Studies has shown that re-infection with STH could occur within six month with prevalence returning to above 50% its initial level (Jia et al., 2012) , therefore, these findings, therefore, support the claim that MDA alone is not sufficient for STH control if the focus is elimination/eradication of the disease in the endemic communities (Tchuem Tchuenté, 2011; Jia et al., 2012) most especially when the exposing risk factors are available. According to Tchuem Tchuenté (2011), three key interventions are essential for a long-term control and elimination of STHs in any endemic settings. These include anthelminthic drug treatment, sanitation, and health education. Tchuem Tchuenté (2011) stated that "Indeed, without an improvement in sanitation and a dramatic change in defecation habits, periodic de-worming cannot attain a stable reduction in transmission." Hence, the high prevalence of STH in Zuru LGA may be due to lack or poor implementation of the other two-intervention strategy, i.e. sanitation and health education. These two strategies are expected to compliment anthelminthic drug treatment by reducing/preventing re-infection with the STH parasites (Ziegelbauer et al., 2012) . However, a low prevalence of STH in Bagudo LGA were ivermectin only is given is expected. Studies have shown the potential of MDA with ivermectin to reduce STH burden in communities where it is being given for onchocerciasis control. (Maegga et al., 2006; Moncayo et al., 2008; Gutman et al., 2010) . Among the three common STH parasites, we observed a lower prevalence of T. trichiura in all the three LGAs. This observation is in line with the prediction of Oluwole et al. (2015) on prevalence of T. trichiura in Kebbi state. The very low prevalence of T. trichiura may be due to extreme high temperatures (N40°C) usually experienced in the northern part of Nigeria. Ova of T. trichiura cannot withstand extreme temperatures (N 40°C) in the soil unlike the ova of A. lumbricoides (Brooker et al., 2006) . We do not observe a significant different in infection among sex. This is because both sexes have equal exposure to STH infection. We observed a higher prevalence and intensity of STH infection among school age children when compared to infection among adult. This is not abnormal as school aged children are known to be the most at risk of STH infections (WHO, 2002; Oluwole et al., 2015) . However, our result shows a significantly higher intensity of hookworm infection among school aged children than adult. This observation is not in line with knowledge from literatures, as intensity of infection with hookworm is expected to increase with age peaking at adulthood (Bethony et al., 2002; Tchuem Tchuenté, 2011) . This observation may be due to low socioeconomic status of their parents, who could only afford to buy footwear for themselves but not for their children. Hence, most children in the rural communities particularly those in the northern part of Nigeria walk barefooted, thereby increasing their risk of infection with hookworm whose transmission is majorly through skin penetration. To the best of our knowledge, this study is the first to report on the burden of STH in an area where MDA has been going for at least five years in the Northern part of Nigeria. Studies to assess the burden of the PCT NTD disease in areas where MDA is ongoing in Nigeria will be of interest to global stakeholders in NTDs. This is because WHO has stated that Nigeria accounts for 25% of the NTDs burden in Africa. Information on the progress made towards elimination of the PCT NTDs is useful to ascertain the impact of the commitment made during the London 2012 declaration on NTDs. This study is also the first to provide information on assessment of the burden of STH among school age children and adult in places where MDA is ongoing.
Previous similar studies have limited the study to children only (Maegga et al., 2006; Moncayo et al., 2008; Gutman et al., 2010) . Although school aged children are most at risk of STH infection, the burden of STH in the adult should be a concern if elimination is the goal.
Limitation of the study
We could not measure real impact of MDA in the two MDA LGAs since there was no previous baseline data on STH. This is because MDAs was based on the burden of onchocerciasis and lymphatic filariasis.
Conclusions
The study shows that STH is still a public health problem in Zuru LGA (IVM + ALB) and Dandi LGA (No MDA history) is qualified for MDA for STH control. Therefore there is need for scale up of treatment with albendazole for STH control in Dandi LGA. Provision of complimentary intervention such as safe water, sanitation, and hygiene education (WASH) will reduce transmission of STH in the studied areas. This study has provided information on the burden of STH after five years of mass drug administration for Onchocerciasis and Lymphatic filariasis in two LGAs and one LGA with no history of MDA in Kebbi State, Nigeria.
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